NMR evaluation of changes in myocardial high energy metabolism produced by repeated short periods of ischemia.
Following our previous results which demonstrated that repeated short periods (2 min) of ischemia are capable of protecting the isolated rat heart from a subsequent global ischemia (30 min), in the present study we have concentrated on the metabolic changes occurring in rat hearts during six 2 min ischemia/3 min reperfusion cycles. Cardiac high-energy phosphates were monitored using 31P-NMR. Phosphocreatine levels fell (50-60%) during each ischemic period, and recovered to 70-80% of their initial values during reperfusion. P(i) rose by 59% during the first ischemic period, but increased less during subsequent ischemias (30% during the 6th occlusion, P < 0.05 vs. the first ischemic period) returning to baseline levels after each reperfusion. [ATP], pH, and [Mg2+] remained almost unaffected, but there was a decrease in HPLC-determined effluent ATP catabolites. The first occlusion led to a 95% drop in contractile function (P < 0.001 vs. baseline), but this recovered to 73% upon reperfusion (P < 0.02 vs. baseline), and was 65% at the end of the protocol. Phosphorylation potential (PP = [ATP]/([ADP].[P(i)]) correlated exponentially with total purine (r = 0.90) and with adenosine + inosine release (r = 0.81), and by the 6th ischemia/reperfusion cycle, exceeded that observed in controls by 21% (P < 0.05). We conclude that repeated short periods of ischemia do not lead to any significant alteration in the absolute myocardial ATP, but are associated with an enhanced cytosolic energy state in the heart, that enables the myocardium to reach a steady albeit lower functional state. Adenosine (+inosine) release may be involved in the regulation of the energy supply-demand balance.